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INTRODUCTION
Bilirubin is believed to be cytotoxic, and its toxicity has been reported to be related to injury to the mitochondrial membrane [1] or to immune suppression [2, 3] . Operative procedures in patients with jaundice result in more complications and increased mortality in comparison to those without jaundice. Postoperative jaundice is often associated with sepsis or liver failure [4] . Prolonged hyperbilirubinemia has thus been considered to be a dangerous condition both before and after surgery. However, in contrast to the toxic effect, Stocker et al., have demonstrated a beneficial role for bilirubin in that it can act as a powerful antioxidant in vitro [5] . This observation was confirmed in rats injected with endotoxin as a source of oxidative stress in vivo [6] . Bilirubin 
DISCUSSION
Bilirubin is synthesized from heme by a ratelimiting enzyme, heme oxygenase. It has been known as one of the "heat shock proteins," being dramatically induced in response to a variety of stress-associated agents including ultraviolet A (320-380 nm) irradiation, hydrogen peroxide (H202), and heavy metals as well as tumor promoters [12] [13] [14] . Endotoxin, tumor necrosis factor (TNF), interleukin 1 (IL-1) and interleukin 6 (IL-6) have also been recognized as stimulants [15] [16] [17] [18] . It is of interest that all of these stimulating reagents lead to the production of reactive oxygen species [13] , which means the induction of heme oxygenase is a general response to a variety of oxidant stresses in many mammalian cells [19] . The fact that bilirubin, the end-product of this activated enzyme, is proved to be a powerful antioxidant seems reasonable with respect to the fact that bilirubin is formed actively in stress conditions in order to neutralize the generated oxidants. In order to evaluate the antioxidant activity of bilirubin in vivo, Yamaguchi et al. established an ELISA system to measure BOM [7] . They first detected substances other than bilirubin that interacted with anti-bilirubin monoclonal antibody. They purified these from human urine and determined the structures of two compounds [7] . In contrast to bilirubin, which is a tetrapyrrole, BOM consist of three pyrrole rings and are thought to be produced when bilirubin molecules are destroyed oxidatively at the site of the pyrrole rings A or D [7] .
These oxidative metabolites of bilirubin were subsequently proved to increase markedly by an endotoxin injection in the urine of rats in accordance with the elevation of liver heme oxygenase [6] . These results confirmed that bilirubin was oxidized in rats, acting as a physiological antioxidant and that the measurement of BOM in urine reflected the oxidant activity of bilirubin.
Our data described herein is summarized as follows: (1) Serum bilirubin significantly increased shortly after surgery regardless of the severity of surgery. ( 2) The concentration of BOM in urine elevated only after major surgery and the BOM levels in the major surgery group were higher than those in the minor surgery group. ( 3) The degree of increase in urinary BOM, but not the level of serum bilirubin, was statistically correlated with the length of operation time and the volume of blood loss.
The elevation of serum bilirubin reached a maximum level as early as the next day after surgery. The mRNA of heme oxygenase has been reported to be induced in the early phase of reaction against stress, being highest around 14 hours in fibroblasts after irradiation [20] , and around 5 hours in rats after endotoxin injection [6] . The activity of the enzyme produced in rats was also demonstrated to be high as early as 6
hours after endotoxin injection [6] . [19] . Induction of heme oxygenase to produce bilirubin seems to have a low threshold related to oxidative stress.
The reason why bilirubin returned to a level lower than the preoperative level 14 days after surgery is unclear (Fig. 1) . One possibility is an overconsumption of bilirubin. It is reported that cigarette smoke, which is also known to be an oxidant, significantly lowers the plasma level of bilirubin in humans [21] . If the generated oxygen radicals exceed the production of bilirubin, the level of serum bilirubin decreases to a lower concentration. The contribution of difference in sex to our conclusion is uncertain.
The increase of BOM in urine after surgery confirmed that bilirubin acted as antioxidant during surgery in humans, similarly to that shown in vitro [5] or in vivo using rats treated with endotoxin [6] . The 
